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The superconducting helical coils for LHD are cooled 
by saturated liquid helium under the pressure around 0.115 
MPa that corresponds to 4.4 K. Though the design current 
is 13.0 kA, a normal zone propagated widely at the first 
excitation up to 11.45 kA in the second campaign. 1) In 
the following excitations, the ramp rate was reduced to 
1/1 0 at higher than 10 kA in order to keep good cooling 
condition. The second excitation up to the same current 
was attained without any abnormal signals after repeating 
the excitations up to gradually higher currents. A kind of 
training effect was observed. The number and amplitude of 
the spike voltages induced by the conductor movements 
decreased by repeating excitations, and that it does not 
appear in the discharging process from the high current to 
9 kA around. Then, the coils will be used safely for plasma 
experiments by being charged once up to slightly higher 
current. Furthermore, the excitation higher than 11.4 kA 
was expected by repeating excitations with keeping good 
cooling condition. 
The major excitation tests in the third campaign are 
listed in Table 1. #1-0 and d mean operation modes of 
standard and inward shift, respectively. After the third 
cool-down, excitation tests were conducted by the same 
pattern of the final stage of the previous campaign. A 
normal-zone propagation and recover was observed when 
reaching 11.33 kA, as shown in Fig. 1 a. The number and 
amplitude of the balance voltages were clearly larger than 
the excitations in the latter half of the previous campaign. 
The effect of a slow excitation seems to be not large, and 
the training effects by repeated excitations will be lost 
partially by warm-up. 
Since the maximum magnetic fields in the M and 0 
blocks are lower than I block, these can be exited up to the 
higher current within the cryostable conditions. Besides, 
disturbances in these blocks seem to be much less than the 
I block from comparisons of amplitude among the spike 
voltages. We tried a currents-grading excitation up to 
average 11.67 kA. A normal-zone propagation and recover 
occurred in the I block at average 11.65 kA, as shown in 
Fig. 1 b. The same excitation was tried to confirm the coil 
training effect. However, a normal zone was induced at the 
almost same current. A large disturbance able to induce a 
normal zone might occur at several positions in the coils. 
There is a threshold current depending the field, beyond 
which a normal zone can propagate dynamically by excess 
heat generation during the current diffusing into a pure 
aluminum stabilizer. 2) When a current is slightly higher 
than the threshold, the normal zone can recover because of 
a ripple of the. magnetic field or the current penetration 
into the initial normal zone. The threshold of the I block 
became clear as shown in Fig. 2. From rough estimation 
by considering the spacer rate and effect of the direction of 
the field, the M and 0 block almost exceed the threshold 
in the case of #l-d 2.91 T. Further evaluation and basic 
experiments are necessary for the higher excitation. 
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Table 1 Major excitation tests in the 3rd campaign 
Date '99 Current (mode_field @ major radius) 
July 7 8.33 kA (#1-0_2.00 T @ 3.75 m) 
July 8 10.41 kA (#1-0_2.50 T @ 3.75 m) 
July 21 11.33 kA (#1-0_2.72 T @ 3.75 m) (*1) 
July 22 11.20 kA (#I-d_2.80 T @ 3.60 m) 
Aug. 6 11.40 kA (#1-d_2.85 T @ 3.60 m) 
Aug. 25 11.40 kA (#1-d_2.85 T@ 3.60 m) 
Sep.9 11.27 kA (#I-d_2.90 T @ 3.50 m) 
Nov. 30 avo 11.65 kA (#I-d_2.91 T @ 3.60 m) (*1) 
(H-I / M /0= 11.08/ 11.84/12.03 kA) 
Dec. 15 11.41 kA (#1-0_2.74 T @ 3.75 m) 
avo 11.65 kA (#I-d 2.91 T @ 3.60 m) (*1) 
(* 1) A normal zone propagated and recovered. 
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Fig. 1. Balance voltage of the helical coils during a 
normal zone propagating and recovering. 
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Fig. 2. A dynamic normal-zone propagating current 
J(mp.)* and the cold-end recovery current J(mp.). 
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